Abstract: Nine Bulgarian species from the genus Senecio were studied phytochemically and/or by GC-MS analysis. Senecivernine-N-oxide was isolated and identified by spectral data for the first time. Different types of pyrrolizidine alkaloids were tested for cytotoxicity on murine lymphocytes. At a concentration of 100 mg/ml, the alkaloid retroisosenine showed immunosuppressive effect.
INTRODUCTION
The genus Senecio (Asteraceae) is one of the largest genera in the world. Some species of the genera are present with more than one subspecies and forms due to their variability. Our systematic studies showed that the alkaloid pattern differs between some of the subspecies. Hence, Senecio nemorensis ssp. nemorensis contain 13-membered macrocyclic pyrrolizidine alkaloids (PAs), while S. nemorensis ssp. fuschii contain mono-and open-chain diester PAs. 1,2,3 S. abrotanifolius ssp. abrotanifolius predominantly contain 13-membered macrocyclic PAs, while S. abrotanifolius ssp. carpathicus contain predominantly 12-membered macrocyclic PAs. 1, 4 S. doronicum L. contain 13-membered macrocyclic PAs, while S. doronicum ssp. doronicum contain mono-and open-chain diester PAs only. 5, 6 For this reason, the comparison of the alkaloid pattern from at least two different populations is very important. On the other hand PAs show different physiological properties. Some of them are strong toxins for humans and domestic animals while for others there are data about antitumor activity. 7 Hence, it was decided to reinvestigate the species for their alkaloid profile as well as for the cytotoxicity of some PAs with the intention of finding immunomodulatory activity.
EXPERIMENTAL
The MS-Cl and MS-EI were obtained on a Varian MAT 311A spectrometer. The GC-MS analysis was performed using Hewlett Packard 6890 GC with a Hewlett Packard 5973 MS detector. Column: HP 5-MS (30 m´0.25 mm i.d. df=0.25 mm); conditions: injector 260°C, temp. program 100 (2 min)-280°C, 5°C/min, isothermal at 280°C for 20 min; split ratio 1:50; carrier gas: He constant flow 0.8 ml/min, sample 1 mg crude alkaloid mixture (CAM). The relative retention index (RR I ) was calculated using a model mixture of normal hydrocarbons. 1, 8, 9 The 1 H (250 MHz) and 13 C (62.89 MHz) NMR spectra were measured in CDCl 3 on a Bruker DRX 250 spectrometer with TMS as the internal standard using standard Bruker software. Table II . The existence of an N-oxide indicates that the reduction process was either incomplete or that 18 was very stable.
The isolation of murine spleen cells and the cytotoxicity test were performed as described in a previous paper. 10 Å Alkaloids identified as a result of phytochemical study; + Alkaloids identified as a result of GC/MS analysis.
Bone marrow cells were isolated from the femur bone by washing the internal cavity with RPMI 1640 medium containing 10 % fetal calf serum. Cells were adjusted to 5´10 5 /ml, mixed with agar to a final concentration of agar 1 % and poured to 30 mm plastic Petri dishes. The PAs were added in concentrations of 5, 10, 20 and 40 ng/ml. After 7 days of incubation at 37°C, 5 % CO 2 , 98 % humidity, the samples were dried and stained with Giemsa. The number of colonies was observed under a light microscope. Supernatant from fibroblast cell line 3T3 served as a positive control.
RESULTS AND DISCUSSION
Nine species from twelve populations were studied phytochemically and/or by GC-MS analysis. Seventeen known PAs were assigned by their RR I , MS and/or by 1 H and 13 C-NMR spectra as well as comparisons with literature data, 8, 11, 12 Table I . The alkaloid pattern for all the studied species was approximately the same as found in previous studies. 1, 10, 13 Senecivernine-N-oxide (18) was identified by spectral data. 10 Hz, CH 3 -19) for three methyl groups correspond to the seneciverninic ester moiety. The 13 C-NMR spectrum also confirmed such an ester moiety. 14 All the signals for the proton and carbon atoms in the 1 H-and 13 C-NMR spectra were solved by 1 H, 13 C, DEPT NMR spectra and by the 2D 1 H-1 H COSY and HMQC techniques, Table II . The type of the necine base could not be defined by these data due to the overlapping of the signal for H-7 with that for H-9 d . For this reason, 18 was reduced by a well-known procedure to the corresponding base 2 and then its 1 H-NMR data compared with those of senecivernine. As they were the same, 18 was defined as senecivernine-N-oxide. The MS (CI) of 18 show [M+1] + at m/z (%) 352 (100) which corresponds to the molecular weight 351 Da of senecivernine-N-oxide. To the best of our knowledge, this is first isolation and spectral identification of senecivernine-N-oxide. In a previous paper, the activity of some, mono-, open-chain diesters and otonecine types of PAs were described. 5 Here the cytotoxicity results for other mono-, open-chain diesters, N-oxide and 13-membered macrocyclic PAs are reported. The results from the cytotoxic assay showed that only retroisosenine was toxic to murine lymphocytes at a concentration of 100 mg/ml. The alkaloids 7-angeloylplatynecine, sarracine/30 % neosarracine, bulgarsenine and nemorensine were not toxic at the tested concentrations. They were applied to bone marrow colony forming cells. None of them stimulated murine bone marrow cells for colony formation. It could be concluded that retroisosenine possesses immunomodulatory activity against lymphocyte division. Devet bugarskih vrsta roda Senecio prou~avano je fitohemijski i/ili GC-MS analizom. Senecivernin-N-oksid je prvi put izolovan i identifikovan pomo}u spektralnih podataka. Ispitana je citotoksi~nost prema mi{jim limfocitima razli~i-tih tipova pirolizidinskih alkaloida. Pri koncentraciji od 100 mg/ml, alkaloid retroizosenin je pokazao imunosupresivni efekat. 
